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:\ total ol ~;, hvclr<>xvun•a dennlttl('!- hmt· hl:'f'll streenrd nn nwu::.e \aginnl llllll '""a lor 
atH tmUot it c·ltet·t. . .\nr 1m it ut ic proper! ie:- an• pn.',t'n ed in deri 1 <Hi II:' ' 11 here a Ill PI h1 l ,,. t'l hvl 
grottp i!- ~uh,.,tituted lor hvdrogen at Jll>,tltrlll I or a n11•th1 I group at po,..ilinn .i . Hi!{lwr alk\1 
and ntrhnn\ I groUJb n 1 JH>).ttlon l or :! are t·orrt•l;11 Nl wi L h loss ol anti lllll<>ltt' tH' ll' it 1 . Lo,.,., ol 
an 1 1 mi tot u· pmpPrl \ ,_ inll•rprPI a hiE' oil rlw basi" ul :-tl'ri!' n ncl mel IICII\ e etl Pl'l "· The h1 d roxvl 
proton nHl\ not ht• suh"-ltllltt'd ]),· an nlk1l group hut t•an he rt-plat"ed h1 lahiiC' >-llhstttm•nt>. 
,.,lll'h "" ntrhnmnvl or trtrnt'l h1 1,.,11, I whu·h pt•rnlll lormat ion ol lwclrnxyttrc•a it,.,ell in ,.i, . ., 
ll vdrox\ urt•u has ht't•n "hem n to tnhtlut a ' ant·t' 
111 tran,-plnnlahlt nt>opla"m" 111 animals Ill . l'n·-
liminan trial,. in patient'- with rwopla,.,tit· cli>-t•a,..e-, 
rndreatt•d that h.nlro~n11·ea h1· emil ;Jdmllll'lnHrcm 
'" nell\ l' ugatrhl <tdenntarl'inorna-.. mt•l tH\IItlHI>- . 
sarcnnur::.. and <H'llle nnd l'hrnnit• leukemra I:!. '! I 
Studrt•,., on mechani,mol action hme ... hrmn that 
h~·clrox~· uren IIHNferc·-.. wi t h 1 he "~ nt ht>>-~'> ol ()\ .\ 
in intal'l rmrmmal~-. [i . . )jnnd in tn<llnmaliantell- 111 
1itro[fi. 71. !-.trtll'lurt• nell\ II\ e1nluat imh mcll!·;trl' 
that the· hHlroxd ~>!'roup ' ·' reqllfr('(l tor mhihiror~ 
nl'll\it~· on U\A ,.,,nthr..,i>- ol Hda t"ell,. !MI . 
It hu,., hPen shown prl•\iou"h that ll\drox\urc·a 
exhihth antimttnlit l•llech on both mou:.t' \flgllHtl 
and ret·tul lllllt'll~ae wlll'll ad mlnl>-len•d 1111 fH\ agt 
nalh t 1\' agl and intrarN·t,t!h rl'~pecu\eh l~JI . and 
when grvt•n lntnrpent oneall.' e'\l'rh antrmttnltt 
eftech 1111 eprdwlial !'ell,. o / both utl!ina and 
n·etum r 101. 
~incC' h\Clmxnlrl'<t '" primarrh wawr-,.oluhlt• 11 
doe>- not JH:'IIet rate human ,ktn n·adrh . Our ..,t-<trdl 
for more lipid -soluble dertnlll\ l',.. ol h~droxvureu 
lor po:.sthlt' therupt•ut i(' lopll·al ll"-l' 111 mun h:b 
prom pied u" l o stud~ l he rei a tron,.hqb hvt \Wen 
"trut·tun· <tnd ;tnrimrrc•ut· propertre ... nl ;1\ arlahlt' 
dl:'rr\<111 \ l ' ' and nl "t'' Nil I "' nt hl' >-ll l'd h1 ll>- lor 1 h1" 
... rud1 . The JHl',..t'l1t ''"rk de>-ertht'>- the;.e relaunn-
..,hip .... 
\1 ;\TF.HlAI.S A"D METIIOIIS 
ll \'dmxyurea and it,. clennlll\t'S 11ere prm 1dc•d 
ll\ K H. :-;quihb and ;-,on,. unless othef\11>-E' "Pl'l'l 
fied. \ 'irginallema lt• l<'H lllll·t• .. -.. j weeb old . wt•rt• 
u:-l.'d l" te ... t ft,r antrmitotr~· aetllit\ "" \il l(lllnl 
l'plllwlnlm Ten mice were used lor t'illh te:-t 
eonrpound. 'l't>"l t•ompound" tm I\ ag udmtnt ... lra · 
1 ion lll'rto prvpi!recl 111 onto oil he lolltl\\ ing 't•hirle,. ; 
:\lallll'l' rtpt ret·t•t l '!'cl Ft' hrua n · :!.i. 1 ~1'; 1: 111 rl' ltsPrl 
lnrm :>.litrth :!!! . I !I'; I. nn·cpted lor puhl inlllnll 1\pnl T 
1911 
Tht~ 1111rk " '~>- ..;uppurted 111 p .lrt I" \Il-l (:ram '\o I 
POl C:\ It ;,;lh . 
·From tht· Depa rtment nl l>ermotulo)!' . Tt>mple l n i-
llif'•tl\ ~t·hrMII ol \1 t'dil'lne. ~k1n nne! Catll'lr H'"(Htal. 
Philnrlelphia. l't•tlll>.l lvania WI Ill 
( <11 WHtt'l. lbl Hl'l'lOill': hiiJli'OJl\l mvrisl<lll' . J . J. or 
(t' l rthnnol : prop~lent' l!lq·nl : watt-r I : I : I . Podo-
phdltn lor rntraperrtont>al t iP I intt'rtion wa;. prP-
pnred 111 et hilnal : propylene ~l1col I : ~ . 
Tt• .... t t'lllllJl"Und" wert' tlhtiliC'd 1\'ng !1l tim t:' zt•ro 
111 a 1olunw nl 0.0.) mi. Tht ... clo,.,e '""' repeHtl'd:! hr 
later tll 1dlll·h tinw ~ lllg ol pocloph\llin were 
111Jl'l'tl'd IP in a \ohtmt' ol tl. l rnl. All l111l' l' wen• 
ktlll'cl ll\ t•t•rvieul d1 ... loentwn li hr ltlll'r. t.e .. ~ hr 
altt·r ini11al in ... t illution o l. ll'"l drug. In longPr:! 1-hr 
,.,aer:nllli! te>-1.... the same pmcedun• 11 11.' trst•d 
except that one do,.e \Ills dt'll\ er('d IIi h r ~.>nr li t'r . 
The \f\~tna wns rt'lllO\'t'CI \.'11 blnr nnd lhed Ill w··, 
hulferf:'d forma lin . Trnn:-'N"l' -,ertiun~ wen• l'lll nt 
ri 1-' and -,tatned \\tth ht•motm,\ lin and eo,tn . 
Thr numlwr ol mitollr l't'li:- per ll'm!lh ol lllllto~u 
<b lllt'asUrl'd <1l11ng tlw basal l<l\·er ol the nlltl't~>-il 
11 a,. d('tl'nutned lu~wlul!tt"ulh b'· mean~ ol illl 
nrula r mtnomt'tt•r and rxprt',.,.ed "" mtto-.e~ · t· m. 
HF.Sl I.T:' 
All 'tlJ.(inal ,.peumt•tb wen· llas,.tlted a" heing in 
<•ttlwr the t•>.trllgt•nir or proge ... taltllllal pha"l' ol tllt' 
t'>-1 ru,.. n·de till 1 he· ha,.i,.. ol hi,.,tologil l'harucll'rt"-
1 it -, . On I\' those• d ;Jt<t from ant mal,., with r:sl rngenil' 
vagtnal t-pllhelr;r ll!'rl' taken lor compan,un Tht-
rc•,ults nrt• shown 111 the T nblt . 
Our pre\11111~ ,..tudit'>- 1~.lllj u"rnl.! the moU>-f' 
'agmal ~~·stl:'m to iclent il\ dntl!:. "nh prinHir~ 
anttmttot tl' prupertre ... hm·e melt rated 1 hat a II'" I 
dnt)(' ,,. ... ub ... tanttalh anltmitotl(' "lwn the nwclwn 
mit c,lit l'ount is lcmer rhun l!l!li t' lll . 
01 tlw 1 hree I .t! k\ lalt•cl h\dro:~. vurea cleri1 a -
tt,·e:. . 1-tnl'l hvl and 1-t>l h~ I h\'Ciroxvurea I 1. Il l 11c·re 
hil!hh antimitotic. Fi1e derilatt\1',., t l\ \ ' !Il l. 
(•aeh 11 it h ;l rarholl\ I group ~uh,.t itut-n t ill poslttllll 
I. \lt·rt· nul ... uhstanttalll nll t lmitotie ~'<mr :1. 
alk1 latt'cl hiClro\~ Urt' fl derl,·att\t'" !IX XIII 
,-htii~E:'d llll tlllllllllllltll' tlt'll\ I(\ e\l'C(l! that ;{. 
lllt'tlwl h1dro\\·urea !lXI at I()' , l'IIIH'l'lllr<llloll 11<1" 
ll't•ukh mltl-l' .. 1-trit'thdan•t,·l tX Illl nne! '1-(o.n 
cltml'thlhalerm l llwdroxvurt·a t:\1\ l. t'Ul'h with a 
('<trhom I group nt pthtlloll :1. "t'fl:' total I~· tlliH'll\'1'. 
A ,..jngle ... ub ... tllution nit he h\dro\~· 1 proton 11ith 
a mt•t h1 I group t·tm,·enNl tht• nwlt>ntlt• into IIHH'-
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TABLE 
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\ ' 1-aC'etyl" 
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\ ' U 1-benw.vl• 
\1TT 1-laurn.vl• 
LX :l-ml'lhvt• 
X :J-ethvl• 
Formula 
() 
II 
H , t\-\-1'\HOII 
0 \H , 
II I H ~-c-:-..-oH 
0 ('.H 
II I 
II ;\;-C-:"o;-OH 
o r.H, 
II I 
II \-C'-\1-011 
0 C'HO 
II I 
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0 COCII ,'' 
II I 
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II 
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I 
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0 
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I 
C,ll . 
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~ ~ ~  ~· 
7 :! 1:!6 76 
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lU 
il 
h 
10 
-
' 
10 
8 
il 
\:1 
10 
10 
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10 
10 
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o-r; 
:t 69 
:z :zo.; 
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Ill :J.Ifl 
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-IH 1-19 
11 .l.):\ 
11 269 
1!1 :2-lf> I 
hi 2:10 1 
9 
9 
121 
190 
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TAHI.F.-Irmt lflll!'d 
Te<t rompnunrl Formula 
,- T r- :\I" 
:-.=umberot Concentra ,__ • tlo>e.,;cm 
animal' tu·n Ran~:e .Medtan 
() 2' ~7R XX III 0 n butyJ.:l-l ll'-ethyi-~­
''Ydohexylaeetvll H 1\-('-:\ HOC ,H. 
I 
0 C-C'Ht c ,II,lC.H I 
XX I\' l,ll-dimethd -:1- nhutvl 0 ('If, 
II 
9 2' :16 ;Jj,j l'iO 
H \-C- '\-OCH 
I ' 
C,H, 
10 ;; 21 II I 12 
'-' ( '-:-\-0!->itC'H,I, Ill .; lH lli II 
I 
SlfC H ,1, R I r 9 ;ll I li ~ 1.. 
"I. l'. dn;.e: 2 mg 
'Synthe~tzed in uur l.Rhurawry ul :'\.ledtctnal Ch!'mtstn·. 
Te::.t run !"or 2·1 hr. 
'' PreiPrred chPmical struC'ture; annther possthle "'ruC'ture 1::. :l.,.,uh~IIIUIPCI. 
t i1e lorm. e.g .. 0-meth\ lll\·clroxvurt'il (::\.\'1. Ho\\ 
e1·er. the mulerulc• 11a~ antimitottl' il the ~uh.;tltu 
ent 11a" n carhamm I group. i l' .. in 0-rarhanH>\ I 
hvdroxyurca (::\.\'ll. Among tlw 1 .. 1 rltalk~ In ted 
hvdroxyurea dcri,·atiiC·~ 1::\.\' l l X IX!. I. I dt-
meth)l hydroxntrt.>a i::\.\' 11 1 1111,., found It> lw illl· 
timituttc<lllv ill'till'. All thl' d1 - and tn- ~uh,.,tl t ll t l•d 
clcrila t tles (::\.::\. X::\.J\') with nwthll or n-butll 
group 111 the hydrox~· l proton wen• inactt\'('. 
T rinwthvh .. ilvlatPd dc•rt\ati\l· ol h1dro\~urea 
pro1 tdh 11 hnt Ill H) lw a parttl'ttlar ~trunure lunr-
t ion :..ituation. \\' ht•rea~ h\Clro\1 urt•;t it:..t•l! i,; pri -
maril~ water-:..oluhle. tetra ftnmethd:..tld! Ill' · 
drnxyurea t::\.::\. \ '1 i:.. htgh!l lipicl -:..oluhlt·. Tht· <'lllll· 
pound. stahl<' 1n Nher -,olutton th.lt t·ont<ltns a 
rlr~·in~ ag!'nt .. uch a:- anhnlrou,., ,...,dtum "ullntf'. 
1\il,., allltmi totital!l ;lrtile po,.,:..ihl~ lwnllht' in 
l'llntact with llllll>'lllft' in t ral·uginalll it wu,., .;Jow!l-
hvdroln;ed to r('lease lwdrox\ urt·a it,..ell. 
U l~ll ~Stl)'lo 
Although tt ha:.. ht->t'll ,..hown that hvdrnxntr('a 
C<Htsc,., a marked cleneu,..e 111 l ht• rnt e ol 0:\:\ 
bio:-;yn the:..i,.,. the• mechan i"m" inv11!1 ed tn the 
inhihitton are unknown. The drug ha,., no t•llt•t'l 1111 
incnrpnrntinn ol prPI'Ilr:..or-. IIllo H:'\A or pr11tL•1n [ t. 
6-R. l l !.) 1. In 1·i1 ro -.tudw ... ha1 t• shm1 n 1 hat it ha,-
no rne,·t on the <H't i1 i lie~ nl I):'\ A pnh-mera,..t•. 
t h1 midtne kina-.c. and th~ miCh late kina,.,t• I~ 1. Tht 
rl'd ul't ton ol ribonudt'•lticie:- tot hctr corrc:..ponding 
deox.1 rihonut·leottde:-. hm1e1t•r. , ... marked II- tnluh 
itPd II l. IG !'-> 1. Sint·e a mtxturc ol c!Pn\1 rih11tllt-
dE>otidP,., doe:.. not ren:•r-·l' the blnckadt• ol IJ.\1.-\ 
s1·nthe:..is h1 h~·droxvurea tn ,;onw ~~·,.tcm-.. an 
addittonal unknown 'Itt' ol m t1on ntht•r than 
n hunurlt·ottdf' reducta ... t• has ht•t• n propo:..cd 11 ~-
1 !l. :WI Elldt'nt·e ha:.. het•n prm 1dNl t hn 1 h~ drox~­
urt'<l inhibit:.. 1 he formation ol hl;.tone.; [;i 1. a nd t he 
hi11:..1 nt lw"'" de nm·o of p1 n mtcllne nud(•otide:.. 
pri11r to t ht' lomw11on of urottd~·l il' und Ill ]. 
Prt•,..eiH result,. show that t'Ntain l'hemical ,..trur-
turp,., nl hldl'lll~o,\'ll r<'a drrtnlt ll't'" art' t:'""t>ntwl lor 
the molerule:.. to he in at·tilt' form~ a~ anttnlltoti(' 
agenh. All po~,..thlt• stntct ure,. ol ln·drctxl urea 
dert\iltll<·~ an• from tht' ,.ub-..tttUllon ol proton-. a t 
po~ttton::. J.:l and 0 tlndrnx1 ll in the ll\drnxvurea 
molentlt•. 
lncl't'<hed ltpophtlil pmpt-rtte,.. nl lwclroxvur('a 
dt'nnllil·es do not "l'l'tn 11 enhttnl'l' the antimitntie 
ell eel ol 1 he molecule,. For exam pie. l-et h~· l h1-
droX\UI'E'll 111 1 I' mon• l1ptd soluhlt' than I methyl 
h1drox1 urf'ct II! but the latter j,.. a more potent 
antllnlloltl' agt:>nt than tht• lormer. Suh,.ti t uenl:.. 
\ltlh the ~ame ,·arbon number" at po,..itinn I ol the 
hydrox1·url'<l molecule do not lrad tn t hr :..a me 
htolo!!il' acti1it1. For t•xample. both lnwthll Il l 
and I ttl hi! h1 dru:n urea Ill l art' untlmtlottndl.\ 
ad I\ e hut I lltrm~ I f I\ l and 1-ill'et\1 h\'dronurt>a 
t\') nre lllaUi\l' lorms. T herelnrt'. other lunor,., art' 
illlohed for the moleeult: ol a hydrox~ure<1 deri1a 
lt\·e to he in al'til·e form 
H111 h indm·t tVl' and hindratH'e propt>rtte,.. a re 
introdul'ecl 11ht'11 i l proton at tht• JHNIIIIn I or :1 of 
h1drnX\UrE'a j,.. replaced h1 an nlkvl group. Let us 
-.tart 1\ilh tlw 111o -..1mpfesl rompound-... hi'Clrox,\ 
men and I metl11l hydroxyurt'a Il l: th<' !a t tN j,.. 
clt•riH•d 11hen tlw proton at tlw po:..ition l ol thP 
lnrml'r t~ rl'plat·l•d h1 a met h1 l !(roup. Sinn • the 
mtthll :.,roup dtllt'r::.lrorn I he proton hv po,..,..e,.,::.ing 
hot h an rl<>ct ron - rPlc·a~t ng- propl'rt 1 and a htn-
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dranre propert~. the antimitotic el tect ot !-methyl 
hydrox\ urea Ill depend:- pri marih· on 1 he -..um of 
t hese two fartor~. The fact tha t !-methyl hydrox~ ­
u rea t il is more antimitotic than h\drox~·urea itself 
indicates tha t the elect ron releastng action or 1 he 
methyl ~roup contnhutE:':-. lt> an increasE:'d antimi-
totic actidt~·. Althoul{h there is a :-lil{ht incrl'a;.c ol 
hindrancP action due to the methyl group. thi-.. 
doe;. not sutTit:iently ~uppre,;, the merall antimi-
iotit• property ol the moleculE:'. Hm\E:'\·e r. "hen a 
hil{hcr alkyl g-roup i~ sub~titu ted tor a proton at the 
pu~it ion 1 or :1. the hindrance p roperty j,. more 
dominant. For exam pie. both the elect ron releasing 
aetion and t he hind ranee action ot t he alk~ I are in 
increa;;ing order. i.e .. C H 3 < C'.H . < ('311 ,. and 
the a n timi tot i!' acti,·ity i' correspondingly dimin -
ished. i.e .. !-methyl h~·droxyurea t i l > 1-ethvl 
hydroxyurE'a t f! l > 1-n - prop~· l h.vdrnxvurca Ill! I. 
TherE'fnr t•. an t imitot ie ani' ny decreases when a 
bulky group is :-u bsti t uted for the proton at posi-
tion 1 of hydroxvurea. or when a proton at po,it ion 
:1 ot hvdroxvurca is replaced by an alkyl group. Th<' 
Iau er positwn seC'tm. \NY ~en~ i ti\e to the htn-
d rance C'ffect; for example. :\- met hyl hydroxyurea 
(!;.\ ) i:-. weakly antimitotie hut :\-e th~l 1::-\1 or 
:~-n-hutyl h~·droxyurea !X fl is imtcti,·e. 
An elenron-withclrawing cctrbonvl group !-.Uth a;. 
a f(mm l t l\ ' J. benzuyl (\ ' Il l. or lauroyl ( \ ' LII J at 
po,;it ion 1 or :\ appear~ to com en the ''hole 
moiE'ruiE' into inacti1e form. 
It is generally true that the h~·droxyl group of 
hHl roxyurea ma~ not he convened into un ether-
t~' P<' group. whieh contnins n rat her -.tahle t'O\ aiPnt 
bond [H j, \\ itlwut lo,.;, ot art i\ it~. Hcmewr. a labile 
group sul'h a~ t·arbanwyl (;.\\' I I or trimet hylsil'l 
group l XX\ ' ) can he suh~tituted for t he hydrox~- 1 
proton ot hydroxyur<'a 1\lthout los~ ot act i\lty . 
\\ e ackncm ledg-e the Ill\ aluahle t~chn1tal work nl .\1 r 
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